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• To establish the normal range for vertebral heights ratios ( for diagnosing 
vertebral deformity) in Chinese men aged 70-79 
• To study the prevalence of osteoporotic vertebral deformity in Chinese men 
aged 70-79 
• The study the risk factor for vertebral deformity in Chinese men aged 70-79 
Subjects and methods: 
Three hundred and ninety-six Chinese men (aged 70-79) were recruited by 
household surveys of 6 housing blocks in Shatin. Lateral spine X-Rays were 
taken from T4-L4. The anterior, middle and posterior vertebral heights were 
measured using a digitizer. Quantile-quantile plots were used for establishing 
the means and standard deviation ( SD) of the vertebral height ratio ( VHR) 
(anterior / posterior height ratio, middle / posterior height ratio, posterior / 
posterior above or below height ratio). For studying prevalence, vertebral 
deformity was defined as VHR of>3 SD below the mean. Risk factors ( dietary 
calcium intake, load bearing activity, cigarette smoking and alcohol 
consumptions ) were measured in subjects with vertebral deformity and controls 
using a standardised questionnaire. Multiple logistic regression was used for 
calculating odds ratio (OR) and 95% confidence interval (CI). 
Results: 
Sixteen percent of Chinese men had vertebral deformity, as compared to 12 % 
3 
percent in Caucasian men. Criteria using mean and SD were preferable to using 
percentage cut-offs in diagnosis vertebral deformity. A low dietary calcium 
intake ( OR=0.7, 95% CI=0.3-1.6 for lowest quartile), and a lack ofload bearing 
activity ( OR=0.8, 95% CI=0.4-1.4 for who performed outdoor exercise 
everyday) were not found to be risk factors for vertebral deformity. In contrast, 
cigarette smoking ( OR= 2.1’ 95 % CI =0.9-5.1 for current smokers) and alcohol 
consumption ( OR = 2.5, 95 % CI=l.l-5.7 for heavy drinkers) were found to be 
important risk factors for vertebral deformity. 
Conclusion: 
參 The normal range for vertebral height and vertebral height ratios were 
established for Chinese men aged 70-79 years. 
參 The percentage prevalence of vertebral deformity was 16 % in Chinese men, ie. 
similar to American Caucasian men. 
參 A low dietary calcium intake was not found to be a risk factor for vertebral 
deformity in Chinese men. 
• Load-bearing activities were not found to be protective against vertebral 
deformity in elderly Chinese men. 
• Cigarette smoking was a risk factor for vertebral deformity in Chinese men. 
參 Heavy alcohol consumption was a risk factors for vertebral deformity in Chinese 
men. 
• Osteoporotic vertebral deformity is a prevalent health problem in elderly 
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Chapter 1. Introduction 
Osteoporosis is a condition characterized by low bone density, which occurs 
usually after the menopause, and with aging. It results in fractures of the forearm, 
vertebral body and the hip. 
The World Health Organisation defines osteoporosis as a reduction in bone 
mineral density to more than 2.5 standard deviation (SD) young normal means; and 
osteopenia as a reduction in bone mineral density to between 1.5 SD to 2.5 SD below 
the young normal means. 
Osteoporosis is a major health problem affecting all aging populations in the 
world. The financial implication of the morbidity due to osteoporosis and also its 
association with deformity had been estimated to be very high. Vertebral 
osteoporosis is a common problem in the majority of the elderly and vertebral 
deformity is a serious consequence of osteoporosis. It has been estimated that around 
twenty percent of patients with vertebral deformity required hospitalization, and 
subjects with such deformity suffered significant mortality ( Cooper, 1993). 
Deformities related to osteoporosis have become a pressing public health 
concern in western countries. However, little data on the epidemiology of vertebral 
deformity, had been obtained as subjects not come to medical attention ( Melton, 
1987). Pronounced geographic and seasonal variation have also been reported 
(Jacobsen, 1990). Population-based studies from Rochester, Minnesota, have shown 
the incidence of vertebral deformity in the Caucasians rose with age and was greater 
in women than men ( Melton, 1989; Cooper, 1992). The National Hospital 
Discharge Survey estimated 33,000 discharges annually among persons aging 65 
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years and above between 1972 and 1978 ( Holbrook, 1984), but current 
hospitalization rates for vertebral deformity may be higher owing to greater 
awareness of osteoporosis, as well as secular increases in the incidence of 
osteoporotic deformities ( Sernbo, 1988; Melton, 1987; Cooper, 1992). 
In the past, attention has been focused mainly on osteoporosis in women. 
Only recently has it been recognized that the problem of osteoporosis in men 
represents an important public health issue, and that it also represents a exceptional 
array of scientific challenges and opportunities ( Seeman, 1993; Scane, 1992). 
Several methods were used for estimating reference values on the basis of 
vertebral morphometry. Firstly, one potential standard might be the radiographs 
from younger men or premenopausal women. It is believed that younger men and 
premenopausal women have a very low prevalence of vertebral fractures. This 
method has been used by Hedlund and Davies ( Hedlund, 1988; Gallagher, 1988; 
Davies, 1989). The advantage of this method is that the radiographs can be used to 
recalibrate reference values if methods of measuring vertebral dimensions change. 
On the other hand, this method may not be feasible for many studies because of the 
reluctance to expose normal premenopausal women to the radiation involved in 
lateral films of the spine. Another disadvantage of this method is that it assumes that 
normal vertebral dimensions do not change with age. The second method for 
estimating reference values in women, is to start with a sample of radiographs that 
contains both normal patients and those with fractures, used by Melton and Minne in 
their studies( Melton, 1987; Minne, 1988). A sample of these radiographs is chosen 
in which all vertebrae appears to be normal ( nonfracture) based on qualitative 
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readings by an experienced clinician. Then the reference values are calculate directly 
from the sample. This approach assumes that qualitative assessments are a gold 
standard, whereas expert readers often disagree about fractures ( Davies, 1989)，and 
the biases of an expect reader may distort the resulting reference values. The other 
disadvantage of this method is that a single fracture disqualifies an entire spine from 
being used in the reference data set. 
The third method uses statistical criteria to define reference values on the 
basis of a population that includes subjects both with and without vertebral fractures. 
This approach does not involve qualitativejudgements about whether a women has a 
fracture and does not require that additional radiographs be obtained. Moreover, only 
those heights that represent fracture are excluded: the normal ( nonfractured) values 
of the spine for a person with a single fracture are still included in the calculations. 
Two similar statistical methods have been proposed ( Melton, 1993; Black, 1991): 
the first uses a Gaussian ("Normal") statistic distribution ( Black, 1991), while the 
second takes a nonparametric approach ( Melton, 1993). 
For the first two method, the calculation is honest once the normal 
radiographs have been chosen. In the third method, the ratios of nonfractured 
vertebrae are assumed to follow a Gaussian ("Normal") distribution ( Black, 1991) 
and fractured vertebrae are assumed to have values beyond the usual Gaussian range. 
The fourth, nonparametric form is assumed (Melton, 1993). Instead, extreme 
value are removed and the means and standard deviations are calculated from the 
remaining data. 
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The ratios of non-fractured vertebral bodies are assumed to depend on a 
Gaussian distribution. The shape of the distribution of ratios of fractured vertebral 
bodies is not to be assume. The deformed vertebral body will have a ratio in the 
lower tail of the Gaussian distribution for each type of fracture. 
The prevalence of vertebral deformity has been found to be 30% in Chinese 
women who are 70-79 years old ( Lau, 1996). This figure is similar to that observed 
in American Caucasians ( Black, 1991). 
Moreover, a case-control study showed that a low dietary calcium intake, and 
a lack of physical activity were important risk factors for vertebral deformity in 
Chinese women ( Chan, 1996). 
There is currently no data on vertebral deformity in Chinese man. Such 
information is important for the planning of prevention and treatment in this group. 
The objectives of the current project are to: 
1 • document the prevalence of vertebral deformity in Chinese men aged 70-79. 
2. compare the prevalence of vertebral deformity in Chinese men with the prevalence 
in Caucasian populations. 
3. study the lifestyle risk factors for vertebral deformity in Chinese men. The 
potential risk factors are: a low dietary calcium intake, a lack of load bearing 
activities, alcohol consumption and cigarette smoking. 
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Chapter 2. Literature review on the prevalence of vertebral 
deformity 
2.1. Prevalence of vertebral deformity in women 
Vertebral deformity is very common and often asymptomatic. Furthermore, it 
is quite clear that the risk of vertebral deformity increases with age and with 
diminished bone mass, and that the risk of recurrent deformity is greater. Vertebral 
deformity causes height loss, and sometimes acute back pain and disability. More 
severe deformity can lead to chronic pain and disability. 
Vertebral deformity may be most frequent complication of osteoporosis 
(Melton, 1983; Cummings, 1985; Melton, 1987). In women the prevalence of 
vertebral deformity clearly increases with age, (Cummings, 1985; Melton, 1987) and 
the degree of deformity seems to be related to the degree of osteoporosis in a linear 
manner ( Melton, 1990; Ross, 1990; Ross, 1991). 
Studies conducted in Rochester Minesota suggested a prevalence ofvertebral 
deformity of 25.3 per 100 women aged 50 years and over. Morphometric 
measurement on the radiographs of women with clinically diagnosed deformities 
revealed that 80% had grade 2 (>4 standard deviation, SD) deformities. 
Moreover, data from Rochester showed that prevalence rose with age among 
women. Table 1 shows that in an age-stratified random sample of one hundred and 
eighty-two of the 762 Rochester women who had taken thoraco lumber radiography, 
the prevalence of one or more deformities increased from 7.6 % at age 50-54 years to 
64.3 % in those aged 90 years and over. 
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Table 1. Prevalence of vertebral deformities with advancing age in a population 
sample of Rochaster women. 
Age Group 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85-89 90+~~~ 
Prevalence 
of vertebral 4 6 10 14 20 31 42 53 67 
deformity m 
Source: Melton, 1993. 
The prevalence ofvertebral deformity varies widely in Caucasian women. In 
a review, Melton et al. found that the prevalence ranged from 4% in Finnish women to 
27 in women from the USA. This could largely attributed to the variation in methods 
used for diagnosing vertebral deformity. 
Vertebral deformity was diagnosed both clinically or using certain cut-offs in 
reduction in vertebral height or vertebral height ratios from lateral spine X-Ray. 
Cut-offs o f> 80% reduction, > 2 standard deviation, or > 3 standard deviation 
had been used in various studies. These studies are only reviewed briefly here. 
Table 2. The prevalence of vertebral deformities in women aged 65-74 years from 
population surveys in different countries. 
U.S.A Denmark U.K Israel Finland Netherlands 
Prevalence 
of vertebral 27 21 13 7 3 6.5 
deformity (%) 
Source: Melton, 1993. 
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Note the wide variation in prevalence partly due to differences in definition of 
vertebral deformity. 
The prevalence and severity of vertebral deformity in Saunders County, 
Nebraska was study by Davies in 1996. In this study, vertebral deformity prevalence 
and severity were analyzed by sex and age in an age-stratified proportionate sample 
of the enumerated population of women and men 50 years of age and older in 
Saunders Country, Nebraska. The sample consisted of 899 women and 529 men. For 
both sexes, deformity prevalence rises with age. Women in their fifties have 10% 
vertebral deformity prevalence, and women in their eighties, 45% prevalence 
(Davies, 1996). Table 3. shows a rise with age in Saunders women. 
Table 3. Age and prevalence of vertebral deformity in Saunders women. 
Age group Total No. with fracture (%) 
(years) 
50-59 228 24 11 
60-69 357 59 17 
70-79 230 85 37 
80+ 74 33 45 
Source: Davis, 1996 
The prevalence of thoracic spine compression deformities were studied in an 
extensive population sample ofFinish men and women. A segment ofthe population 
(57,440 persons) aged 15 years or older participated in a baseline health examination, 
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17,557 ofthe 57,440 were reexamined approximately five years later. 
The number of compression deformities found in the population of 27,252 
women studied was 105, corresponding to a total prevalence of 3.8 /1000 women 
(95% confidence limits: 3.2-4.7). In women, the prevalence remained constantly 
below 2.5/1000, with no significant change up to 55 years of age. After that the 
prevalence increased linearly with age ( Tables 4 ). 
Table 4: Prevalence of vertebral deformity in the Finnish population with age. 
AGE 
SEX 15-24~~25-34~~35-44~~45-54~~55-64~~65-74~~Ts- Total 
Men 1.5 2.7 5.2 7.3 14.5 19.0 27.7 6.2 
Prevalence/1000 
Women 1.3 1.6 2.4 2.3 5.1 15.3 29.0 3.9 
Prevalence /1000 
Overall 1.4 2.2 4.0 4.8 9.8 16.9 28.5 5.1 
Prevalence/1000 
Source: Harma, 1986. 
In 1991, Cooper and colleagues ( Cooper, 1992) reported on a risk factors 
study involving more than 1012 women in ten towns throughout the United 
Kingdom. Using a 20% anterior to posterior height reduction cutoff, they found a 5% 
prevalence in the fifth decade oflife rising to 29% in those 79 and older, though there 
were only a small number of women in this group. 
In 1993, Spector and colleagues ( Spector, 1993) reported a prevalence of 
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about 15% in a London study of 1035 women aged 45-69 years. Nicholson and 
colleagues ( Nicholson, 1993) reported in 1993 on an unscreened cohort of 222 
women aged 50-82 years in the UK. A prevalence of 16% was found, when cut-off of 
vertebral height ratio of3SDs below the mean was used. 
Ross and colleagues ( Ross, 1991) reported in 1991 on a sample of 1098 
Japanese-American women in Hawaii, aged from 43 to 80 years, 99% of whom were 
postmenopausal. The overall prevalence of vertebral deformity, using a cutoff of 
3SDs below the mean, was 7.5%, compared with an overall prevalence of 22.6% in 
American Caucasian women from the same study. 
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2.2. Prevalence of vertebral deformity in men 
Relatively few studies have been conducted on the prevalence of vertebral 
deformity in men. The results of the studies that have been conducted are 
summarized in Table 5. 
Table 5. The prevalence of vertebral deformity in men. 
Author (year) 
(study site) Sample size Criteria Age Prevalence 
Johnell 1997 ^ >3 SD >50 years IWo 
(The European reduction in 
Vertebral VHR 
Osteoporosis Study) 
Cooper, 1992 79 Radiologist' >45 years incidence 
(Mayo Clinic Study) Report 73/100,000 
person years 
Davis,1996 529 experts' system >50 years 29% 
(Saunders Country mimiching a to>80 years to 39% 
Study) radiologist 
Johnson,1994 158 33% reduction >85 years 13% 
(Gothenburg) in VHR 
Santavirta,1992 30,000 Radiologist 35-44 5.2% 
(Finland) diagnosis 55-64 15% 
>75 28% 
Tsai,1996 Taiwan, 1322 >3 SD >65 years 12.5% 
China reduction in 
v m 
It can be seen from Table 5 that there were wide variations in the prevalence 
of vertebral deformity from various studies. One of the main reasons for the 
difference in prevalence observed was the varying method used in diagnosing 
vertebral deformity. In general, radiologists' diagnosis tended to yield the highest 
prevalence, and using standard cut-off (for instance, of > 3 SD below the mean in 
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VHR) tended to yield lower prevalence. It should be noted that the prevalence of 
vertebral deformity was found to be 12.5 % in Taiwan Chinese, which were 
comparable to studies in Caucasians with the same diagnostic criteria. 
Large scale epidemiological studies which utilize the same methods in 
diagnosing vertebral deformity provide the best opportunity for valid comparison of 
prevalence across countries. The European Vertebral Osteoporosis Studies ( EVOS) 
has made a large contribution in this manner. 
The following Table (Table 6) is excerpted from a publication by O'Neill et 
al (1996) to illustrate the difference in prevalence between countries and across sex. 
Table 6. Age standardized Prevalence of vertebral deformity by sex and center 
(EVOS). 
Eastell method McCloskev method 
Male Female Male Female 
Center % % F:M* % % F:M* 
Scandinavia 
Norway: Oslo 21.6 23.7 1.10 15.7 19.2 1.22 
Sweden: Malmo 26.7 27.8 1.04 16.7 20.7 1.24 
Western Europe 
Austria: Graz 25.1 20.3 0.81 13.8 13.9 1.01 
Belgium: Leuven 25.2 27.7 1.10 14.4 20.3 1.41 
France: Montceau 21.9 20.5 0.94 14.0 12.9 0.92 
Germany: Berlin (S> 15.5 22.9 1.48 7.7 13.5 1.75 
Bochum 18.8 19.1 1.02 9.3 7.6 0.82 
Heidelberg 16.4 16.4 1.00 8.3 11.0 1.33 
Lubeck 22.1 15.5 0.70 13.6 7.7 0.57 
Holland: Rotterdam 23.1 21.9 0.95 9.7 13.8 1.42 
U.K.: Aberdeen 21.1 16.3 0.77 14.4 8.4 0.58 
Bath 11.1 16.1 1.45 7.6 8.6 1.13 
Cambridge 23.0 16.5 0.72 13.7 8.8 0.64 
Harrow 21.5 19.2 0.89 11.8 10.5 0.89 
Sheffield 21.2 13.5 
Truro 22.8 14.9 0.65 12.2 9.0 0.74 
(continue Table 6) 
22 
Eastell method McCloskev method 
Male Female Male Female 
Center % % F:M* % % F:M* 
Eastern Europe 
Coroatia: Zagreb 30.4 21.7 0.71 16.3 14.8 0.91 
Czech Rep: Prague 12.7 18.6 1.46 8.1 6.2 0.77 
Slovakia: Piestany 15.1 16.3 1.08 8.7 9.6 1.10 
Germany: Berlin (P)^ 17.3 21.3 1.23 12.4 14.8 1.19 
Berlin (C> 16.9 18.0 1.07 10.8 11.1 1.03 
Erfurt 16.9 15.3 0.91 10.2 8.1 0.97 
Jena 18.4 21.2 1.15 9.2 10.2 1.11 
Hungary: Budapest 20.0 19.3 0.97 18.3 15.3 0.84 
Poland: Szczecin 17.5 19.0 1.09 10.4 12.7 1.22 
Warsaw 22.3 18.7 0.84 12.5 10.2 0.82 
Russia: Moscow 10.3 12.7 1.23 7.5 8.8 1.17 
Mediterranean 
Greece: Athens 20.4 24.4 1.20 12.7 15.9 1.25 
Italy: Milan 40.3 10.1 
Sienna 14.9 15.0 1.01 9.1 11.0 1.21 
Portugal: Oporto 34.3 20.2 0.59 16.6 13.5 1.28 
Spain: Barcelona 21.7 26.6 1.23 17.9 14.8 0.83 
LasPalmas 25.1 22.7 0.90 19.8 10.8 0.55 
Madrid 19.8 14.9 0.75 9.8 7.7 0.79 
Oviedo 20.2 23.5 1.16 13.5 17.3 1.28 
Turkey: Istanbul 16.0 15.9 0.99 9.7 8.3 0.86 
Total 20.2 20.2 1.0 12.2 12.0 1.0 
Berlin (S) = Steglitz; (P) = Potsdam; (C) = Charite. 
*F:M = female to male ratio; SE = standard error. 
Figures in italics are based on small sample size (< 50). 
Source: O'Neill, 1996 
Note: 
Eastell Method: Vertebral deformity is present if any one of the four vertebral height 
ratios: Ha / Hp, Hm / Hp, Hp /Hp-above Hp / Hp-below (Hp-above =posterior height 
of the vertebra below) at any vertebral level is less than a threshold value defined as 3 
standard deviations (SD) below the reference mean value. 
McCloskey Method: a predicted posterior height ( Hpred) is calculated for each 
vertebra from the posterior heights of up to four adjacent vertebra. Vertebral 
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deformity is present if any of the following criteria are met: 
(1) Ha / Hp decreased and Ha / Hpred < 3SD below the reference ,mean; 
(2) Hm / Hp decreased and Hm / Hpred < 3SD below the reference mean; or 
^ Ha / Hpred decreased and Hp / Hpred and < 3SD below the reference mean. 
The standard error was in the range of 1.5 % to 6.5 %. 
The results ofEVOS and other studies cited above seen to suggest that there 
are significant inter-racial difference in the prevalence of vertebral deformity in men 
and women. Such studies also seemed to indicated that vertebral deformity is a 
substantial problem in men. 
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Chapter 3. Literature review on the risk factors for 
osteoporosis and vertebral deformity 
3.1. Dietary calcium intake 
3.1.1. Epidemiological studies 
The international pattern of osteoporosis appears to cast doubt on the 
relationship between calcium intake and osteoporosis. For instance, in Japan, the 
dietary calcium intake is only about 400 mg/ d, and the bone mass is lower than in 
American women. Despite the lower bone mass, the rate ofhip fracture in Japanese 
is only 50% ofthat in American ( Fujita, 1992). 
Case-control studies have shown variable results in difficult populations 
(Lau, 1988). A study conducted in the UK shared that calcium intake was not 
associated with the risk ofhip fracture (Cooper, 1988). In Chinese the relative risk in 
those with the lowest calcium intake was 1.9 compared to those with high intakes, but 
a similar study in English women found a relative risk of 1.0 ( Cooper, 1988). In 
Europe, Kanis and colleagues conducted a population-based survey of hip fractures 
in 14 centers from six countries in southern Europe. They identified 2086 women 
with hip fractures and 3532 age-matched controls. The relative risk of hip fracture 
was 0.75 in women on calcium supplements ( Kanis, 1992 ). The risk of fracture 
decreased with a longer duration of calcium use. 
In prospective studies, the age-adjusted risk of hip fracture was inversely 
associated with dietary calcium whether considered as mg per day or as nutrient 
density ( mg per 1000 kcal). Holbrook found a relative risk of 0.6 for each 198 mg 
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calcium intake ( Holbrook, 1988). In both the UK and the USA ( Wickham, 1989; 
Rosanoff, 1982), calcium intake did not predict the incidence of deformities. 
In the study of Looker, the effect of dietary calcium on hip fracture risk was 
examined prospectively using the NHANES I Epidemiologic Follow Up Study 
cohort, which is derived from a nationally representative sample ofthe United States 
population. A cohort of 4342 white men and postmenopausal women aged 50-74 
years at baseline ( 1971-1975) were observed through 1987 for up to 16 years of 
follow-up. By 1987, 44 men and 122 women had experienced a hip fracture 
according to hospital records or death certificates. The age-adjusted risk of hip 
fracture was approximately 50% lower in the highest quartile of calcium intake 
compared with the lowest quartile in the subgroup of women who were at least 6 
years postmenopausal and not taking postmenopausal hormone. The low relative 
risk observed among men, although interesting, must be interpreted cautiously due to 
small sample size. The pattern of relative risks for calcium quartile and by selected 
cut points was not consistent with a dose-response effect of calcium. The Looker 
study suggest that calcium may lower hip fracture risk in late menopausal women 
(Looker,1993). 
3.1.2 Intervention studies 
Most of the controversy over the relationship between dietary calcium intake 
and osteoporosis has been resolved. A meta-analysis ( Cumming, 1990) was 
conducted to study this relationship and the results of randomized controlled trials on 
the effects of calcium supplementation are summarized in Table 7. The mean 
increase in bone mineral content (BMC) with calcium supplements ranged from 0 to 
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4 % BMD increased by 1 % of less in postmenopausal women, whose dietary 
calcium intake was more than 548 mg per day. In contrast to postmenopausal 
women, the role ofsupplementing the diet of premenopausal women and ofmen with 
calcium tables or food rich in calcium remains unclear. 
Table 7. Selected characteristics and mean effects in intervention studies ofthe effect 
of calcium supplements on bone mass 
Mean Calcium Baseline Mean effect 
Study age (yr) dose (mg) calcium in- of calcium* 
take (mg) (%) 
Postmenopausal women 
Ablanese(1975)** 81 750 450 4.27 
Ettinger(1987)** 52 1,000 792 0.00 
Hansson(1987) 66 1,000 - 0.85 
Horsman(1977)** 50 800 - 1.69 
Lamke(1978) 60 800 - 4.35 
Polley(1987) 57 1,00 716 0.82 
Polley(1987) 57 Diet 692 0.12 
Recker (1977) 57 1,040 548 1.01 
Recker (1977) 59 Diet 737 0.01 
Riis(1987) 50 2,000 - 0.76 
Smith(1981) 82 750 - 2.03 
Smith(1989) 55 1,500 710 0.75 
Premenopausal women 
Smith(1989) 42 1,500 652 0.02 
*Percent difference per year (percent bone lost per year in the group given calcium 
supplement minus percent bone lost per year in control group). The mean effect is 
the average of the recent difference per year for all bone sites measured in that study. 
A positive figure indicates a protective effect of calcium. 
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** Not a randomized trial. 
Source: Cumming, 1990 
The results of a large randomized controlled trial conducted in the USA 
(Dawson-Hughes, 1990) showed that the effects of calcium supplementation vary 
with menopausal status and skeletal sites. A calcium supplement ofone gram per day 
reduced the rate of bone loss at the radius in both early and late postmenopausal 
women. However, this regime prevented bone loss at the spine in late but not in early 
postmenopausal women. As described by Dawson-Hughes (1990) in a review of 
controlled clinical trials, little is known about the effects of calcium supplementation 
on bone density at the hip (Dawson-Hughes, 1990). 
3.1.3 Calcium intake and osteoporosis in Chinese 
Recently, Chan reported in 1996 that, the risk of vertebral deformity increases 
with diminishing calcium intake ( Chan, 1996). 481 Chinese women aged 70-79 
years who lived in three housing blocks under the Geriatric Priority Housing Scheme 
in Shatin, Hong Kong were studied. The mean daily dietary calcium intake was 
306mg (SD= 108 mg) for definite case, 319 mg (SD= 99 mg) for doubtful case and 
326 mg ( SD= 94 mg ) for controls. The odds ratio for having definite vertebral 
deformity if the calcium intake was in the lowest quartile was 2.1 ( 95% CI =1.1-3.9). 
There is currently no published data on the relationship between dietary 
calcium intake and vertebral deformity in Chinese men. 
A low calcium content is a rare feature of Asian diets. The results ofasurvey 
on calcium consumption in Chinese men and women living in Hong Kong showed 
that mean calcium intake was lower than 500 mg per day in all age groups, and 
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calcium intake decreased with age ( Pun, 1989). Another rare feature of the Asian 
diet is the non-dairy source of calcium. The results of case-control studies and 
randomized trials strongly suggest that a low dietary calcium intake is one ofthe most 
important etiological factors in osteoporosis and osteoporotic fractures in Chinese. A 
case-control study was conducted to investigate the role ofload-bearing activities and 
calcium intake in hip fracture in Hong Kong (Lau, 1988). Four hundred consecutive 
patients (280 women and 120 men) with hip fracture were compared to 400 surgical 
inpatients and 400 non-institutionalized elderly subjects. Calcium intake was 
assessed by the food frequency method. The weekly frequency of consumption of 
nine food items identified as important sources of calcium in the Chinese diet was 
recorded. The results of multiple logistic regression showed that the risk of hip 
fracture increased significantly with low calcium intake, a statistically significant 
trend being demonstrated in both sexes. 
Calcium intake is relatively low in China. Hu (1993) conducted a remarkably 
detailed analysis of diet in four rural Chinese regions that showed considerable 
variation in dietary calcium. The average calcium intake in one region with access to 
dairy products was almost twice that of other non-pastoral areas, and forearm bone 
mass was significantly higher in that region for all age groups ( Hu, 1993). Rates of 
bone loss did not differ from one area to another despite dietary intake, and it was 
concluded that the differences in skeletal mass resulted from the effects of calcium 
intake on achievement of peak bone mass. Wide variation of dietary calcium and 
BMD however, fracture rates were very low for all regions. 
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3.2. Physical Activity 
3.2.1 Epidemiological studies 
It is well know that bone loss rapidly with immobilization ( Prince, 1988), 
bone mass is greater than normal at the skeletal sites stressed in extremely intense 
activities ( Slemenda, 1993; Huddleston 1980). However, these extremes affect only 
a very small portion of adults, most of whom are sedentary or have modest activity 
levels. 
In the study of Prince ( 1988), the forearm bone mineral content was 
measured at a proximal cortical site and a distal trabecular site ofboth the normal and 
hemiplegic arms in 74 patients with hemiplegia (Prince, 1988). That study indicates 
that a reduction in function is associated with significant bone loss occurring over 
prolonged periods that may account, at least in part, for the significant osteoporosis 
seen in elderly people and in subjects with conditions resulting in reduced mobility 
such as arthritis, obstructive airways disease，and neurological disease. 
Some observational studies in older women have shown that more active 
women have slower rates ofbone loss (Nelson, 1988). Negative studies may result 
not only from the absence of an effect, but also from the difficulty in accurately 
assessing physical activity, particularly in primarily sedentary groups ( LaPorte, 
1979). 
In any case, it remains to be shown that walking is an effective way to prevent 
bone loss. ( I t should be noted that the ultimate prevention of fractures may depend 
not only on the preservation of bone mass but perhaps also on the maintenance of 
muscle function, the prevention of falls, and other factors that may be positively 
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affected by regular walking). In the same way, swimming has not been shown to be 
beneficial, probably because of the absence of weight, bearing during this activity 
(Orwoll, 1989). Orwoll ( 1989) measured radial and vertebral bone mineral density 
in a group of subjects aged 40 to 85 years who had been swimming regularly for at 
least 3 years as well as in a similar group of non-exercising control subjects. 
On the other hand, even among populations demonstrating benefits of intense 
physical activity, there appear to be a level ( perhaps 20 hours a week or more ) at 
which harmful skeletal effects occur ( Slemenda, 1993). Between these extremes 
little is known considering either the quantity or type of activity necessary to prevent 
or slow bone loss. 
The other prospective studies which have examined the effects of weight 
bearing on bone density, White observed no changes in the forearm bone density of 
postmenopausal women after six months of dancing. However, in a nine month 
study of runners, Williams found a significant increase in bone density of the 
calcaneus (Williams, 1984). 
Nielsen reported the results of a comparison of gymnastics, swimming and 
dancing in a group of elderly women ( 62-80 years). However, a rise in circulating 
osteocalcin concentrations in the gymnastic group, no significant changes were 
observed in bone mineral density at the forearm or lumbar spine in any group. 
Version ofthis study is severely hampered by the fact that it was only five months in 
duration, that the subjects were permitted to select their activity assignment and that 
their actual load experience is not described fNfielsen, 1992). 
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If gains in bone density are maintained when an exercise program has been 
terminated has been addressed by Dalsky ( Dalsky, 1988). After nine months of 
weight-bearing exercise with resistance, postmenopausal women showed an increase 
of 5.2% in spinal bone mineral content. This value increased to 6.1% after an 
additional 13 months of exercise whereas a non-randomized group of sedentary 
controls exhibited no change in bone mineral content. Following a 13 month 
detraining period, bone mass was only 1.1% above baseline. This return toward 
baseline exemplifies the dynamic nature of the skeletal system and reinforces the 
view that long-term maintenance of activity is essential to achieving sustained 
benefit. 
Cavanaugh examined the effect of weight-bearing exercise on spinal 
trabecular mineral in postmenopausal women assigned either to no activity or to a 
one year program of regular brisk walking ( Cavanaugh, 1988). The walkers actually 
lost trabecular bone ( 5.6%) while the control group lost 4% over the same 
intermission. The results directly controvert those of Dalsky and may be related to 
differences in experimental protocol. In addition to walking, Dalsky exercise group 
jogged and performed exercise that specifically loaded the vertebrae. It appears that 
the additional loading provided byjogged and resistance exercise may give a more 
potent osteogenic stimulus than brisk walking. Moreover, the forces produced at the 
lumbar vertebrae during walking equal one body weight whereas loads on the lumbar 
vertebrae during weight-lifting activity have been reported to be as much as 5-6 times 
body weight. 
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3.2.2 Intervention studies 
Clinical trials in exercise remain among the most difficult to complete, due 
largely to noncompliance with recommended activity programs and perhaps to a 
lesser degree to the currently poor understanding of the type, frequency, and intensity 
of exercise necessary to achieve skeletal effects ( Forwood, 1993). 
Several exercise trials have trained postmenopausal women with calisthenics 
and light aerobic activity for eight to 48 months ( Smith, 1981,1984,1989; Krolner, 
1983). In the study by Krolner, significant changes in total body calcium and lumbar 
spine density were found in under 12 months (Krolner, 1983). Smith have conducted 
two prospective studies ( Smith, 1981,1984,1989). In one study of 1981, women 
with an average 81 years old were placed into control, physical activity, calcium 
supplement and combined activity / supplement groups. 36 months later, the activity 
and calcium groups increased radial bone mineral by 2.3% and 1.6%, whereas the 
combined exercise / calcium and control groups decreased radial bone mineral by 
0.32% and 3.29%, respectively. In considering the reasons that the combination 
group failed to increase bone mass, subjects randomized to that group were 2.6 years 
older than those in other groups and may have had a higher overall rate of decline in 
physical and mental function. The other study of Smith enrolled 200 women, aged 
35-65 years, in a similar 48 month exercise program. Exercise during the first year 
consisted of weight-bearing activity, whereas emphasis was placed on upper body 
strength during successive years. Results shown that lower rates ofloss of radial and 
ulnar bone mineral in the exercisers compared to controls. From these results, the 
independent contributions of weight-bearing activity and strength training to bone 
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mineral density cannot be determined. 
Krolner evaluated the effect of exercise on bone mineral density of women 
who had previously experienced a Colles' fracture. The results showed a 3.5% 
increase in lumbar spine BMD in the exercise group compared to a 2.7% loss for the 
controls ( Krolner, 1983). In another controlled trial, Simkin administered a five 
month program of thrice weekly dynamic loading exercise to the distal forearm to 
older osteoporotic women. Bone mineral content of the distal radius increased by 
3.8% in the training group. Whereas bone density declined by 1.9% in the controls 
(Simkin, 1987). 
An intervention study by Chow ( 1987) showed that postmenopausal women 
who exercise had much slower rate ofbone loss than controls ( Chow, 1987). 
3.2.3 Physical activity and osteoporosis in Chinese 
A case-control study by Lau ( 1988) on hip fracture patients showed that 
load-bearing exercise was protective against hip fracture in Chinese men and women. 
According to a case-control study conducted by Chan ( 1996)，eleven percentage of 
women with definite vertebral deformity, 5% of women with doubtful vertebral 
deformity, and 5% of controls walked on exercised outdoors for less than an hour on 
an average day, and the odds ratios for definite vertebral deformity in this group was 
1.8 ( 95% CI = 0.8-4.4). There is currently no published data on the role of physical 
activity for vertebral osteoporosis in Chinese men. 
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3.3. Cigarette smoking 
Cigarette smoking has a harmful effect on bone mineral density, with 
associated increased deformity risk. Seeman ( 1983) evaluated all men (n=105) with 
vertebral fractures due to spinal osteoporosis who were seen in consultation at the 
Metabolic Bone Disease Clinic, Mayo Clinic, during the four- year period of 1976 to 
1979. In this study Seeman found that the risk of spinal osteoporosis with vertebral 
deformities was increased in men who smoked cigarette or consumed alcoholic 
beverages and was greater still those who both smoking and drank ( Seeman, 1983). 
A 16 years cohort study was taken by Slemenda ( 1992), in this study one 
hundred and eleven male veterans of World War II or the Korean conflict, bom 
between 1916 and 1927. All were twins, with the sample comprising 48 pairs and 15 
persons whose twin brothers were decreased or seriously ill. In the study, one-pack-
per-day smokers lost bone about twice the rate of nonsmokers over a period of 16 
years ( Slemenda, 1992). Slemenda found that bone loss in men during mid-life is 
determined, at least in part, by environmental factors, including smoking, alcohol 
intake, and, possibly, physical activity. Rates of bone loss were similar within twin 
pairs, obviously because of a shared environment. 
May ( 1994) reported that in a cohort of older men aged 65-75 in the 
Cambridge area, no consistent associated between either current or past cigarette 
smoking habit and bone mineral density was observed. Although the response rate to 
their study was not high, their cohort was comparable to older population ofUK men 
with regard to descriptive data ( Breeze, 1992) and there is no reason to believe that 
non-responders differ from their study population with consider to the relationship 
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between smoking and bone mineral density ( May, 1994). 
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3.4. Alcohol consumption 
Numerous studies in women have failed to find associations between alcohol 
consumption and bone loss. This, however, may reflect the modest levels of 
consumption by the women in these studies. 
Alcoholism is a well known cause of osteoporosis in men ( Kristensson, 
1980 )• Bone mass is significantly lower in alcoholics, and this bone loss increases 
with age (Dalen, 1976). Alcohol consumption at modest levels (1.5 drinks per day) 
has been associated with bone loss in men, independent of smoking effects. Clearly, 
heavy alcohol use increases the risk for trauma, and Slemenda study in 1992 confirms 
that alcohol also diminishes skeletal mass. It should be noted that decreased 
osteoblastic function associated with both tobacco use and alcohol consumption has 
been suggested as a potential cause of osteoporosis in middle-aged men ( Slemenda, 
1992). 
Drinking alcoholic beverages has recently been implicated in osteoporosis in 
men as a risk factors equivalent to smoking, in which the relative risk of vertebral 
deformity in smokers was 2.3 ( Seeman, 1983 ). The risk imparted by the two 
variables was multiplicative. 
It might be speculated that bone disorder in chronic alcoholism could be 
caused by malabsorption or nutritional deficiencies, especially of vitamin D or 
calcium. Malabsorption is characterized by secondary hyper-parathyroidism, with an 
increment in resorptive surfaces and increased bone formation rate ( enhanced bone 
turnover), finally leading to frank osteomalacia with a supra normal thickness of 
osteoid seams and a prolonged mineralization lag time ( Eriksen, 1989 ). 
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Lindholm (1991) studied various serum and urine variables (including serum 
PTH, calcium, vitamins-D, and osteocalcus concentrations), bone mineral content, 
and bone histomorphomety in men who at present abused alcohol and compared the 
results to those from men who previously had abused alcohol but who had abstained 
from alcohol for at least two years and from normal men. No significant differences 
were found in bone mineral content at the two measuring sites ( distal forearm, 
lumbar spine) between drinkers, abstainers, and controls trough a considerable 
proportion of both current drinkers and abstainers had subnormal values. Bone 
formation rate and turnover (expressed by the activation frequency) was significantly 
reduced in the current drinkers who also had lower serum PTH, 1,25-
dihydroxychol-calciferol, and osteocalcin concentrations. Men who had abstained 
from alcohol consumption for at least two years had results similar to those from 
normal men, suggesting that the disturbances in bone metabolism in men abusing 
alcohol are reversible (Lindholm, 1991 ). 
Feitelberg ( 1987) in a study of 17 alcoholics considered 4 patients to have 
subnormal bone density, apparently not statistically significant ( Feitelberg,1987). 
Gonzalez-Calvin ( 1993) showed that chronic ethanol ingestion can significantly 
reduce bone mass regardless the absence of liver disease, and that some relationship 
can be expected between the amount and duration of alcohol consumption and the 
degree of bone loss (Gonzalez-Calvin, 1993). 
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Chapter 4. Objectives, Subjects and Methods 
4.1. Objectives 
There is currently no data on vertebral deformity in Chinese man. Such 
information is important for the planning of prevention and treatment in this group. 
The objectives of the current project are to: 
1. document the prevalence of vertebral deformity in Chinese men aged 70-79. 
2. compare the prevalence of vertebral deformity in Chinese men with the prevalence 
in Caucasian populations. 
3. study the lifestyle risk factors for vertebral deformity in Chinese men. The 
potential risk factors are: a low dietary calcium intake, a lack of load bearing 
activities, alcohol consumption and cigarette smoking. 
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4.2. Study Subjects 
A total of three hundred and ninety-six elderly men were studied. The source 
population for this study was 70 - 79 old men who were living in the public housing 
estates ( under a Geriatric Priority Housing Scheme) for the community-dwelling 
elderly in Shatin, a new town in Hong Kong. The managers of ten public housing 
estates in Shatin were contracted to obtain a list of addresses with men aged 70-79 
living in there. Six of them consented. 
The names of 571 men ( aged 70-79) were given to us by the housing 
managers. They were approached to participate in the study. 27 were excluded for 
they had a history of cancer or long-termed steroid therapy. Of the remaining 544 
men, 396 consented to participate, giving a respond rate of 73%. It was not known if 
men selected themselves to participate in the study due to symptom of vertebral 
deformity. Hence the extent of selection bias cannot be determined. All the subjects 
in these addresses were visited at home. The objectives of the research project was 
explained to all eligible subjects and informed consent was obtained. Subjects with a 
known history of metabolic bone disorder, cancer, or who were on long term steroid 
treatment were excluded from the study. 
We have selected the results of a study by Mann et al for the comparison of 
prevalence between Chinese and Caucasian men. The rationale for this is the very 
similar method of subjects recruitment and definition of vertebral deformity. The age 
range was broader in the study by Mann et al ( 50-80 years), although the mean age 
was similar (Mann,1992). 
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4.3. Radiology and digitization protocol 
The radiology and digitization protocols developed by Black and Smith-
Bindman were applied in this study ( Black, 1991; Smith-Bindman, 1991). Lateral 
x-rays of the thoracic and lumbar spine were taken according to an X-Ray protocol 
designed to study vertebral deformity and developed by the University of California 
San Francisco Osteoporosis Research Group. The lateral X-Rays of the thoracic and 
lumbar spinal films from 4th thoracic to 4th vertebra were taken with a tube-to-film 
distance of 40 inches, with thoracic films centered at 8th thoracic and lumbar films 
centered at 3rd lumbar spine. 
Six points were determined on the vertebral body to yield the anterior ( Ha), 
middle ( Hm) and posterior ( Hp) heights. The points are registered in a clockwise 
direction beginning with the superior posterior point. Six points corresponding to the 
four corners of the vertebral body and the midpoints of the end plates of each 
vertebral were marked for each vertebral body by crayon, and the X, Y, coordinates 
for each point were recorded on an electronic grid with a resolution of O.lmm. These 
six points were chosen so as to best describe the cross-sectional area of the vertebral 
body. 
Whenever the view was not true lateral, the points were chosen so that they 
defmed the area ofthe midplane of the vertebral body. The midpoints were chosen so 
that they fell on a line bisecting the distal and proximal projections of the superior 
and inferior end plants. If a biconcavity was present, the midplains were chosen to 
best represent the deformity. The uncinate process at the posterior-superior border of 
the vertebral body was not included within the margin of the vertebral body; instead, 
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we registered a point caudal to this prominence. When abnormal lipping was present, 
the intersection of the vertebral and horizontal surface planes was used to identify the 
comers of the vertebra. The cursor had a plexiglass viewing area that included cross 
hairs that enabled easy identification of the intersection of the horizontal and 
vertebral surfaces. The coordinates of the points were stored in a computer system. 
Figure 1. Diagram of vertebral body showing vertebral height measurements. 
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Ha = Anterior height 
Hm = Middle height 
Hp = Posterior height 
Figure 2. Method of point placement. 
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4.4. Diagnosis ofvertebral deformity 
To describe the details of the method for defining normal range of vertebral 
height ratios, the following are excepts from the paper by Black et al. ( 1991). 
Estimation of values among normal vertebrae: 
Assumptions: Black et al. assumed that the distribution of ratios at each 
vertebral level represents a sample from two distinct populations of vertebral bodies: 
fractured vertebral bodies and nonfractured vertebral bodies. The ratios among 
nonfractured vertebral bodies are assumed to follow a Gaussian distribution. Note 
that to avoid confusion, they use the term “ Gaussian" to describe the statistical 
distribution term “ normal" (e.g., normal vertebrae) to describe vertebrae that are not 
fractured. No assumption is about the shape of the distribution of ratios among 
fractured vertebral bodies. They assumed that a wedge fracture decreases the anterior 
height and thus YidJ Hp is reduced. Similarly, an end plate fracture results in a 
decrease in Hm / Hp. A crush fracture is assumed to results in a decreased value of 
Hp/ and thus can be defined by a reduced ratio of either Hp / Hpi+i or Hpi / Hpj.i. For 
each type of fracture, the deformed vertebral body has a ratio in the lower tail of the 
Gaussian distribution. Congenital or acquired abnormalities that increase vertebral 
ratios were assumed to be rare. 
Estimation of the Mean ofRatios from Normal Vertebrae: To illustrate the method, 
they use Ha / Hp ratios for the first lumbar vertebra ( L1) ( Figures 3 and 4) (Black, 
1991). The procedure is identical for the vertebral ratios for all vertebral levels. 
First, the frequency of values of Ha / Hp for the vertebral body ( Figure 3) is 
plotted for the entire sample. Second, small numbers of fractured vertebrae in the 
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tails of the distribution can distort the fit of curves to the center of the distribution and 
bias the estimate of the mean from nonnal vertebrae. Thus, assuming that almost all 
the values of fractured vertebrae are in the tail of the distribution, the most extreme 
50/0 of values on either side of the curve are trimmed. Third, they assume that the 
values of the normal vertebrae follow a Gaussian distribution. Therefore, the natural 
logarithm of the frequency distribution has a quadratics fonn ( Lindgren, 1968). 
Thus, the natural logarithm of the frequency in each interval is taken and a quadratic 
curve is fit to the resulting values ( Figure 4) in a weighted least-squares procedure 
with the frequencies as the weights. Finally, they estimate the mean as the maximum 
height ( the mode) of the curve. They refer to estimates derived from this method as 
the adjusted means. 
Figure 3. Frequency histogram for ratio of Ha / Hp for L 1 in 2992 women. 
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Figure 4. Logarithm of observed frequencies and fitted quadratic curve for Ha / Hp 
ratios at L1. 
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Black also calculate the median of the observed distribution (including 
fractured and normal vertebrae) as an alternative measure of central tendency. 
Estimation of the Standard Deviation for Ratios: The standard deviation of 
the ratios among normal vertebral bodies is estimated from a Gaussian probability 
plot or quantile-quantile ( Q-Q) plot. When the data come from a Gaussian 
distribution, the slope of the plot is an estimate of the standard deviation. To 
construct the Gaussian Q-Q plot for a particular ratio, the values ofthe ratios are first 
sorted in ascending order and the percentile calculated for each value. Based on this 
empirical percentile, the Gaussian quantile is calculated as the value on a Gaussian 
distribution (Z score) that would correspond to the percentile in a Gaussian 
distribution. For example, a value at the 95山 percentile corresponds to a Gaussian 
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quantile ofl .645, a value at the 50^ ^ percentile (median) corresponds to a Gaussian 
quantile of 0.0. The Gaussian quantile is then potted on the horizontal axis against 
the value of the observation on the vertical axis. For a variable with a Gaussian 
distribution, this plot produces a straight line whose slope is equal to the standard 
deviation of the distribution ( Chambers, 1983). Thus, to estimate the standard 
deviation for each of the four ratios at each vertebral level among normal vertebrae, 
they constructed the corresponding Q-Q plot. Figure 5 shows the Q-Q plot for the Ha 
/ Hp ratio at L1. The estimates derived from this method are referred to as the 
“ adjusted" standard deviation estimates. 
However, this plot of the entire sample does not from a straight line in the 
tails ofthe distribution. Some of this deviation is expected because ofthe fractures in 
the lower tail ofthe distribution. They assumed that most ofthe fractured vertebrae 
are beyond the 10^ ^ percentile and therefore trimmed the highest and lowest 10% of 
the values and fit a line to the remaining 80% ofthe Q-Q plot. The slope ofthis line 
is then used as the estimated standard deviation. 
The decision to trim 10% of the values is based on a trade-offbetween two 
factors. On one hand, they wish to trim enough of the tail ofthe distribution to ensure 
that almost all fractures have been eliminated. On the other hand, they wish to 
preserve as many ofthe normal values as possible to maximize the precision of the 
estimates of the normal mean and standard deviation. 
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Figure 5. Gaussian quantile-quantile (Q-Q) plot for the Ha / Hp at L1 with a line fit to 
the middle 80% of values. 
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Five different cut-off were applied to the data to test the prevalence of 
vertebral deformity. These five cut-off were: 
< 85 % or more below the mean 
< 80 % or more below the mean 
2 SD or more below the mean ( < mean - 2 SD) 
2.5 SD or more below the mean ( < mean - 2.5 SD) 
3 SD or more below the mean ( < mean - 3 SD) 
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4.5. Definition of cases and controls 
Cases were men who had one or more vertebral deformity, using a criteria of 
vertebral height ratio < mean - 3 SD. 
Controls were men who did not have any doubtful vertebral deformity, using 
a criteria of vertebral height ratio < mean - 2 SD. 
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4.6. Questionnaire and measurement of risk factors. 
A standardized, structured questionnaire was administered by a investigator 
who did not know the deformity status of the participates at the time ofthe interview. 
The questionnaire was developed in English translated into Chinese, and 
translated to English to ensure validity. The questionnaire (Appendix) was designed 
to measure risk factors for osteoporosis. The detailed methods for measurement of 
risk factors are: 
4.6.1. Dietary Calcium Intake 
Dietary calcium intake was measured by the food frequency method. The 
frequency of consumption of 12 dietary items which were the major source of 
calcium in the Chinese diet in the last typical week, was ascertained. The average 
calcium intake in a day was calculated from the calcium content of each food from 
the South East Asia Food Composition table ( Food and Agriculture Organisation 
Table 1972 )，number oftypical portion size, and frequency of consumption. This 
method ofmeasurement has been validated and used in prevalence studies conducted 
in Chinese ( Chan, 1996; Lau, 1988). 
4.6.2. Physical Activity 
Most ofour study subjects were retired. The occupation which subjects had 
worked longest in was recorded. There were then classified as heavy manual 
(occupations which involved continuous heavy work such as farming, fishing, 
construction work or transport workers), light manual ( occupations which required 
regular walking or standing) and sedentary (occupations which involved sitting most 
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of the time). 
Current physical activity were ascertained by asking subjects how often they 
performing the following activities: walking outdoors, performed outdoor exercise 
(e.g. Tai Chi), walking uphill, and walking with a load (of5 kg or more). 
4.6.3. Cigarette Smoking 
A full smoking history was taken. Subjects were classified as being non 
cigarette smokers, current cigarette smokers ( at least 1 cigarette per day), and ex-
cigarette smokers ( at least 1 cigarette per day in the past). The number ofpacks of 
cigarettes consumed in a day was noted. The duration (number ofyears) ofsmoking 
was also recorded. 
4.6.4. Alcohol Consumption 
The subjects were classified as either non alcohol drinkers, current alcohol 
drinker ( at least once a week currently), or ex-alcohol drinker ( at least once a week 
in the past). Alcohol consumption was assessed by the number of drinks which 
subjects consumed in a typical day. A drink was defined as one can (336 ml) ofbeer, 
one small glass (35 ml) ofliquor, one glass (lOOml) ofwine or 2.5 tales (lOOml) of 
Chinese wine. The containers were shown to subjects during the interview. Each 
drink contained approximately 13 gms of alcohol. The subjects were also asked the 
number ofyears for which they have been drinking. The methods were adapted for 
Goodwin et a l ( 1987). 
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4.7. Pilot study 
A pilot study was conducted on the first 50 subjects men to standardize the 
radiological method, study the quality of x-ray, test the questionnaire and measure 
the response rate. The radiological protocol and questionnaire was slightly modified 
after the pilot study. 
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4.8. Statistical Methods 
The statistical methods for defining the vertebral height ratio are described 
above. 
For the study of risk factors, subjects who had one or more vertebral height 
ratio 3 SD or more below the mean were considered as case, and subjects who did not 
had any vertebral height ratios 2 SD or more below the mean were considered as 
controls. 
Logistic regression was used to calculate odds ratio and 95% confidence 
interval for the risk factors. 
For data from case-control studies, the odds ratio can be calculated from 
either conventional maximum likelihood methods or by the more recently developed 
logistic regression techniques. 
Conditional logistic regression is the standard technique for matched case-
control studies. This is used to calculate the odds ratio ( a close approximation ofthe 
relative risk) throughout the analysis. The methodology as described in the textbook 
by Breslow and Day ( 1980) is used as a reference. 
Logistic regression derived its name from the fact that the logit transform of 
the disease probability in each risk category is expressed as a linear function of 
regression variables whose values correspond to the levels of exposure to the risk 
factors. 
i.e. I fP denotes the probability of disease associated with being exposed to X. 
P 
Logit P= In [ 1-P ] = a+pX 
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(where In stand for natural logarithm) 
Ifthere are exposure to 2 factors Xi and X2 
Logit P (X1X2) = a+P1X1+P2X2+P3X1X2 
Here pi represents the natural log ( In) relative risk for exposed to Xi’ P2 
represents the In relative risk for being exposed to X2 and p3 for being exposed to 
both. 
The odds ratios calculated in logistic regression are adjusted for exposure to 
other risk factors in the same model. 
In the situation where controls are matched to cases in a 1:1 or l:M manner, 
conditional logistic regression is applied. The theory and computation are similar to 
logistic regression, but the odds ratios are calculation within matched sets. 
Conditional logistic regression was performed by the package SPSS. This 
programme utilizes the method of maximum likelihood estimation to calculate the 
odds ratio and its confidence intervals. The significance of a single risk factor is 
evaluated from the log likelihood statistic of a model containing the risk factor as the 
sole independent variable. The significance of additional risk factors are added as an 
independent variable in the model. 
When more than 1 risk factor is used as the independent variables in the same 
logistic model, the odds ratio derived are adjusted adds ratios. This enable 
adjustment for confounding effects. A trend in risk with increasing dose or exposure 
can also be tested for, by using coded level of exposure. The logic and results are 
similar to a X2 test for trend. 
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Chapter 5. Results of prevalence study 
5.1. Demographic Characteristics 
The response rate of men who were approached was 73 %. Hence a total of 
396 men were studied. The mean age of subjects were 73.91 years (aged 70-79)，the 
standard deviation was 2.85 years, the median were 74 years. 
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5.2.Vertebral height and vertebral height ratio 
The adjusted means and standard deviation of vertebral heights in the Chinese 
are shown in Table 8 and the adjusted mean and standard deviation of vertebral 
height ratios is presented in Table 9. When we compared vertebral heights in 
Chinese men with Chinese women ( Lau, 1996)，the vertebral heights were higher. 
However, the Ha / Hp, Hm / Hp and Hp / Hp+1 and Hp / Hp-1 ratios were very 
similar. 
While the diagnosis of vertebral deformity of a radiologist was used as the 
gold standard, the sensitivity and specificity for classifying subjects into definite 
deformity and control groups were 65% and 83%, respectively ( when a cut-offof3 
SD or more below the mean was used). None of the study subjects were diagnosed as 
having Scheuermann disease by the radiologist. 
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Table 8. Means and SD of adjusted * vertebral heights (in cm) in 396 Chinese men 
Anterior Height(Ha^ Middle HeightfHm) Posterior Height(Hp^ 
Level Mean SD Mean SD Mean SD 
T4 ^ 0 l 8 I l 3 0 l 1 ^ ^ ~ ~ 
T5 2.08 0.19 2.17 0.16 2.38 0.18 
T6 2.10 0.17 2.24 0.16 2.43 0.19 
T7 2.14 0.18 2.24 0.16 2.50 0.19 
T8 2.22 0.19 2.32 0.16 2.49 0.19 
T9 2.29 0.21 2.40 0.17 2.54 0.19 
T10 2.40 0.21 2.49 0.18 2.66 0.22 
T l l 2.49 0.24 2.66 0.18 2.95 0.23 
T12 2.64 0.24 2.83 0.19 3.16 0.23 
L1 2.78 0.24 2.97 0.19 3.35 0.23 
L2 2.94 0.22 3.02 0.18 3.33 0.21 
L3 3.04 0.23 3.08 0.18 3.30 0.22 
L4 3.04 0.25 3.12 0.12 3.11 0.23 
* The adjusted means were estimated as the mode on the log-frequency curve after 
trimming 5% of the values from each end of the distribution. 
The adjusted SDs were estimated by quantile-quantile plot after 10% ofthe values 
were trimmed from each end of the distribution. 
56 
Table 9. Adjusted * Means and SDs ofVertebral Height Ratios in 396 Chinese men. 
Level Ha/Hp Hm/Hp Hpi/Hpi-1 Hpi/Hpi+1 
Mean SD Mean SD Mean SD Mean SD 
^ 0 ^ ^ 0 ^ ^ - - LOO 0 ^ 
T5 0.87 0.07 0.92 0.04 1.00 0.06 0.98 0.06 
T6 0.87 0.07 0.92 0.04 1.03 0.06 0.98 0.06 
T7 0.86 0.07 0.92 0.04 1.02 0.06 1.00 0.06 
T8 0.89 0.07 0.93 0.04 1.00 0.06 0.99 0.06 
T9 0.91 0.07 0.94 0.04 1.02 0.06 0.95 0.06 
T10 0.92 0.07 0.94 0.04 1.05 0.06 0.91 0.06 
T l l 0.86 0.08 0.91 0.05 1.10 0.07 0.93 0.05 
T12 0.84 0.07 0.90 0.04 1.08 0.06 0.95 0.05 
L1 0.84 0.07 0.89 0.04 1.06 0.06 1.01 0.04 
L2 0.88 0.06 0.91 0.03 1.00 0.04 1.02 0.04 
L3 0.92 0.06 0.94 0.04 0.99 0.04 1.06 0.05 
L4 0.97 0.07 1.00 0.05 0.95 0.04 - -
(For explanation, see next page) 
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Anterior height of vertebrae 
Ha /Hp = 
Posterior height of vertebrae 
Middle height of vertebrae 
H m / H p = 
Posterior height of vertebrae 
Posterior height of vertebrae 
Hpi / Hpi-1 = 
Posterior height of vertebrae above 
Posterior height of vertebrae 
Hpi / Hpi+1 = 
Posterior height of vertebrae below 
* The adjusted means were estimated as the mode on the log-frequency curve, after 
trimming 5% of the values from each end of the distribution. 
The adjusted SDs were estimated by quantile-quantile plot, after 10% of the values 
were trimmed from each end of the distribution, 
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5.3. Distribution of deformity 
The prevalence of vertebral deformity is presented in Table 10 and the 
distribution of deformity at each vertebral level is presented in Figure 6. A cut-off of 
2SD below the mean ( <mean-2SD ) resulted in the greatest prevalence of deformity 
at all levels; cut-offs of <mean -3SD and <80% below the mean produced a low 
prevalence. When a cut-off of <mean ~4SD was used, the prevalence of vertebral 
deformity was 7%. 
Most deformity occurred at the T5, T7 and&l2 levels. Nine percent, 4% and 
3% of subjects had 1, 2，and 3 or more definite ( <mean-3SD), respectively. 
Table 10. Deformity prevalence ( in percentages) in Chinese men and Caucasian 
men* 
Prevalence of different deformity types (%) 
Criterion Wedge Midbody Crush Total 
Chinese Caucasians Chinese Caucasians Chinese Caucasians Chinese Caucasians 
<0.85 29 86 4 46 15 0 38 90 
below mean 
<0.80 13 56 2 21 5 0 16 62 
below mean 
<mean-2 SD 24 27 25 11 34 0 53 32 
<mean-2.5SD 14 NA** 11 NA 20 NA 30 NA 
<mean-3 SD 7 8 6 4 9 0 16 10 
Radiologist 40 24 19 11 3.5 0 45 28 
Diagnosis 
* Data from Mann et al.l992 
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** Data not available. 
*** The mean age of men from the study by Mann et al was 64 years ( SD=13) 
Reductions in Ha / Hp, Hm / Hp and Hp / Hp+1 ( or Hp / Hp-1) ratios were used to 
diagnosis wedge, midbody and crush deformity respectively. _ 
Figure 6. Frequency of any type vertebral deformity at each vertebral level in 396 
Chinese men using different cutoff criteria. 
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5.4. Comparison of prevalence between Chinese and Caucasian 
populations 
To illustrate ethnic differences in the prevalence of vertebral deformity, the 
deformity prevalence found in Chinese men is presented with the results gained by 
Mann (Mann, 1992) in Table 10. The deformity prevalence varies widely according 
to the diagnostic criteria used. In American men, a high deformity prevalence is 
observed when cut-offs of <85% below the mean or <80% below the mean are used. 
However, the results of the two populations are similar when cut-offs of < mean-2SD 
or < mean-3SD below the mean are used. A major difference is the prevalence of 
crush deformity found in Chinese men (4.8%), a feature not diagnosed in any 
Caucasian men. 
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Chapter 6. Results of study on risk factors 
6.1. Dietary calcium intake 
Dietary calcium intake was low in this population. The mean dietary calcium 
intake was 239.4 g, SD=136.6g 
The odds ratio and 95 % C I for the risk of vertebral deformity in quartile of 
calcium intake ( adjusting for age only) are shown in Table 11. Dietary calcium 
intake was not found to be an important life-style factor for vertebral deformity. This 
is contrasted with the finding in women (Chan, 1996), in whom a low dietary calcium 
intake were found to important for vertebral deformity. 
Table 11. The odds ratios (OR) (and 95% confidence interval) of definite vertebral 
deformity in quartiles of calcium intake. 
Calcium Intake Percentage in Percentage in OR (95% CI) 
per day (mg) Cases (n=62) controls (n=187) 
Highest Quartile 
(^305) 27 25 1.0(-) 
Third Quartile 
(221-) 29 27 1.0(0.5-2.2) 
Second Quartile 
(146-) 26 24 1.0(0.4-2.2) 
Lowest Quartile 18 24 0.7(0.3-1.6) 
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6.2. Physical activity 
The OR for vertebral deformity in categories of physical activity is presented 
in Table 12. There were no association seen between load-bearing activity and the 
risk of vertebral deformity. 
Table 12. The odds ratios (and 95% CI) of definite vertebral deformity in categories 
of walking outdoors. 
Percentage in Percentage in OR 
Cases (n=62) controls (n=187) (95% CI) 
(i )Walking outdoor 
Not every day 9 10 1.0 
Every day 91 90 1.1 (0.4-2.9) 
(ii) Outdoors exercise 
less than once per week 55 49 1.0 
at least once per week 5 3 1.4 (0.3-5.8) 
Every day 40 48 0.8 (0.4-1.4) 
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The OR of vertebral deformity in men with difficult occupations are presented 
in Table 13. Men who worked as heavy manual labors had an elevated risk of 
vertebral deformity. 
Table 13. The odds ratios (OR) (and 95%) of definite vertebral fracture in categories 
of occupation. 
Longest occupation Percentage in Percentage in 
Cases (n=62) control (n=187) OR (95% CI) 
Sedentary 24 33 1.0 
Manual 47 51 1.2(0.6-2.6) 
Heavy manual 29 16 2.4(1.0-6.0) 
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6.3. Cigarette smoking 
The OR of non-smokers, ex-smokers and current smokers in Table 14. The 
OR in non-smokers, light-smokers and heavy smokers are show in Table 15. The 
relationship between years of smoking and vertebral deformity is shown in Table 16. 
The OR for ever-smokers was 1.9 ( 95% C 1=0.9 - 4.2). Moreover, the OR 
was 7.1 ( 95% CI = 1.8 — 27.6) in heavy smokers. Men who had smokers for 30 years 
or more had an OR of2.0 (95% CI =0.9 - 4.9). 
Table 14. The OR (and 95% CI) of definite vertebral deformity in non-smoker, ex-
smoker, current smoker. 
Cigarette smoking: Percentage in Percentage in OR 
Cases (n=62) controls (n=187) (95% CI) 
Non-smokers 15 25 1.0 
Ex-smokers 50 47 1.8 (0.8-4.1) 
Current smokers 35 28 2.1 (0.9-5.1) 
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Table 15. The OR (and 95% CI) of definite vertebral deformity in light and heavy 
smoker. 
Percentage in Percentage in OR (95% CI) 
Cases (n=62) controls (n= 187) 
Non-smoker 15 25 1.0(-) 
Light smoker 74 72 1.7(0.8-3.8) 
Heavy smoker 11 3 7.1(1.8-27.6) 
(>2 packs per day) 
Table 16. The OR (and 95% CI) of definite vertebral deformity in by years of 
cigarette smoking. 
Percentage in Percentage in OR 
Cases (n=62) controls (n=187) (95% CI) 
Non-smoker 15 25 1.0 
Smoker for less than 30years 19 19 1.7(0.7-4.6) 
Smoker for 30years or more 66 56 2.0(0.9-4.9) 
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6.4. Alcohol consumption 
OR and 95% CI of definite vertebral deformity in current alcohol drinker and 
ex-alcohol drinker is show in Table 17. The OR ( and 95 % CI) in heavy drinker is 
shown in Table 18.The OR for ever-drinker was 1.6 (95% CI = 0.9-2.8). The OR was 
2.5 (95% CI = 1.1 - 5.7 ) in heavy drinkers. The relationship between the duration of 
alcohol drinker and vertebral deformity is shown in Table 19. Men who had drank 
alcohol for 50 years or had an OR ratio 1.6 ( 95% CI=0.7-3.7) 
Table 17. The OR (and 95% CI) of definite vertebral deformity in categories alcohol 
consumption. 
Alcohol consumption: Percentage in Percentage in OR 
Cases (n=62) controls (n=187) (95% CI) 
Non-drinker 50 61 1.0 
Ex-drinker 34 20 2.0(1.0-3.9) 
Current drinker 16 19 1.1(0.5-24) 
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Table 18. The odds ratios ( and 95% CI) of definite vertebral deformity in moderate 
and heavy drinkers. 
Percentage in Percentage in OR (95% CI) 
Cases (n=62) controls (n=l 87) 
Non-drinker 50 ^ 1.0(-) 
Moderate drinker 31 29 1.3(0.7-2.5) 
Heavy drinker 19 10 2.5(1.1-5.7) 
(>3 drinks per day) 
Table 19. The OR (and 95% CI) ofdefinite vertebral deformity in duration ofalcohol 
drinker. 
Percentage in Percentage in OR 
Cases (n=62) controls (n=l 87) (95% CI) 
Non-drinker 50 61 1.0 
Drank for <30 years 24 9 3.5 (1.5-7.9) 
Drank for >30 years 26 30 1.1 (0.5-2.2) 
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6.5. Results of Multiple logistic regression 
The results of multiple logistic regression is shown in Table 20. When the 
OR were compared with OR obtained in the univariate analysis, there were little 
changes. This suggested that there were relatively little confounding between the 
various risk factors. 
Table 20. Vertebral deformity in relation to various lifestyle factors by multiple 
logistic regression ( adjusting for age). 
Lifestyle factor % in cases/ % in controls Logistic Regression 
(adjusting for all 
variables) 
Cigarette smoking: 
Non-smoker 15 / 25 1.0 
Light smoker 74 / 72 1.5 ( 0.7 - 3.4) 
Heavy smoker 11 / 3 5.6 ( 1.4 - 22.6) 
(>2 packs per day) 
Alcohol consumption: 
Non-drinker 50 /61 1.0 
Moderate drinker 31 / 29 1.2 ( 0.6 - 2.3) 
Heavy drinker 19/10 2 .2(1 .0-5 .3) 
(>3 drinks per day) 
Daily calcium intake (mg): 
Highest quartile (>305) 27 / 25 1.0 
Third quartile(221-) 29 / 27 1.0 ( 0.4 - 2.1) 
Second quartile (<146) 26 / 24 0.9 ( 0.4 - 2.1) 
Lowest quartile (<146) 18 / 24 0.7 ( 0.3 - 1.7) 
Hours spent in walking 
outdoors per week: 
<3 hours 4.3/7.5 1.0 
3-6 hours 10/10.7 1.6(0.3 — 7.6) 
^7 hours 85.7/81.8 1 .5 (0 .4 -5 .7 ) 
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Chapter 7. Discussion 
7.1. Study Sample 
Hong Kong, situated in South China, is a highly urbanized city with a 
population density oflOOO/ hectate. Fifty-five percent of the population aged 65 and 
over live in government subsidized housing blocks, from where the study sample was 
recruited. There is no population register from which random sampling can be done. 
Thus, household interviews are frequently adopted for epidemiological surveys. 
Because there is no evidence to suggest that the occurrence of osteoporosis varies 
with socioeconomic status, the results should be applicable to elderly men in Hong 
Kong as well as in other urbanized areas of China. The response rate was moderate 
(73%). No information was available to compare responders with non-responders. 
However, as vertebral deformity was largely asymptomatic, it is unlikely that 
subjects would respond according to disease status. Hence selection bias is not very 
likely. 
During the interview, investigator did not know the vertebral deformity of 
subjects, to minimise ascertainment bias. As subjects were not told ofhypothesis of 
the study, recalled bias should not be a major source ofbias. 
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7.2. Digitization method and definition ofvertebral fracture 
As described in the methods section, we have applied digitization method 
which were developed by Black ( Black, 1991). We have previously tested these 
methods in women, and have found such to be applicable. Point placement and 
digitisation was profound by an observer ( C.Y.H) who underwent training for a 
month by an observer trained in the University of California San Francisco 
Osteoporosis Research Group. The observer did not known the fracture status of 
subjects and there should be no bias in study of risk factors. 
There are several methods for defining normal ranges for vertebral 
dimensions. One approach is to establish normal ranges from populations with a low 
prevalence of vertebral deformity, for example, premenopausal women 
(Davies,1989; Gallager, 1988). A second, more attainable approach is to estimate 
the means and SDs of normal subjects using statistical methods to exclude skewed 
values ( Black, 1991). The latter method was used in this study. 
The results of our study have highlighted the merits of using population-
specific means and SDs for defining normal vertebral dimensions. Actually, the use 
o fa percentage cut-off appeared to produce a spuriously high prevalence ofvertebral 
deformity in our population. Utilizing means and SDs for defining deformity, the 
prevalence of vertebral deformity was similar in the Chinese and Caucasians. In both 
populations, approximately 60 % of subjects were diagnosed as having one or more 
deformities when a definition of 2 SD below the mean was used. This fell to 20-30 % 
in both groups with a cut-off of 3 SD below the mean. 
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7.3. Prevalence of vertebral deformity in Chinese men 
Our result were compared to the results by Mann (1992). Identical methods 
of measuring vertebral heights and delineating vertebral deformity were used in both 
studies. We have applied the criteria of < mean -3 SD in VHR for defining vertebral 
deformity under the recommended by the National Osteoporosis Foundation 
(National Osteoporosis Foundation Working Group on vertebral fracture, 1995). By 
using this criteria, the prevalence of vertebral deformity was higher in Chinese men 
(16 o/o) than Caucasian men ( 10%). 
Tsai (1996) has conducted a population study on the prevalence of vertebral 
deformity in Chinese men and women living in Taiwan. They found out that a 
prevalence of22 % in women and a prevalence of 11 % in men. They used a cut-off 
ofmean - 3 SD. Hence it seems that the prevalence of vertebral deformity is higher in 
Hong Kong Chinese than Taiwan Chinese men, although the female to male ratio of 
2:1 prevailed in both populations (Tsai, 1996). The reasons for the lower prevalence 
in Hong Kong Chinese men are unknown, but may be due to lower BMD at spine in 
Hong Kong Chinese, as it has previously reported ( Lau, 1996). 
We can also compare our prevalence with those from other studies. In the 
European Vertebral Osteoporosis study ( EVOS), the prevalence of vertebral 
deformity in men varied from 18% in East Europe to 24% in Scandinavia. Our 
prevalence were hence lower than those observed in European men. In contrast, we 
have previously found a prevalence of 30% in Chinese women aged 70-79 years 
(Lau, 1996), which was higher than the average prevalence of 20 % observed in 
EVOS. 
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The prevalence of the vertebral deformity in Chinese men was lower than that 
observed in Australia. In the Dobbo study, the prevalence of the vertebral deformity 
was found to be 25 % ( Jones, 1996). 
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7.4. Risk factors 
7.4.1. Calcium intake 
The dietary calcium intake was found to be a very low in elderly Chinese 
men. The average dietary calcium intake in a day was found to be 239.4 which is 
about a quartile of those in Caucasians. 
Nevertheless, we did not find a low dietary calcium intake to be associated 
with the risk of vertebral deformity. The observations contrast with the results ofour 
previous study in women. In 481 women aged 70-79 years, the odds ratios was 2.1 
for subjects whose dietary calcium was in the lowest quartile ( Chan, 1996). 
Similarly, we have found odds ratios of 2 for hip fracture in Chinese women when 
dietary calcium intake was in the lowest quartile ( Lau, 1988). There are various 
ways in which the lack of association between dietary calcium intake and vertebral 
deformity can be explained. 
Men with vertebral deformity are different to men with hip fracture. In a way, 
hip fracture can be considered to be the ultimate state for patients with osteoporosis, 
in whom the bone mineral density is extremely low. Vertebral deformity represents 
an intermediate stage in the process. Hence the difference in calcium intake may be 
smaller between patients with vertebral deformity and controls; in contrast to hip 
fracture patients and controls. 
It is biologically plausible that calcium deficiency has a much smaller role to 
play in men than women, in whom the menopause occurs. In postmenopausal 
osteoporosis, bone resorption outweighs bone formation. This is due either to a 
decrease in the number of osteoblast or their functional capacity. 
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Much epidemiological evidence exists to support an association between 
dietary calcium intake and bone mineral density in postmenopausal women. 
Moreover, the results of intervention studies ( Ettinger, 1988; Riis,1987; Dawson-
Hughes, 1990; Aloia, 1978) showed that calcium supplements of 1-2 g per day 
retarded bone loss at varies sites. 
In contrast, there is much less evidence to suggest that calcium deficiency is 
as important in causing bone loss in men. In Britain, the risk ofhip fracture was not 
found to be associated with dietary calcium intake ( Cooper, 1988). Moreover, 
supplementation with 1 g of calcium did not alter rate ofbone loss in men ( Orwoll, 
1990). 
The results of our study, together with available evidence, suggest that the 
effects of a low dietary calcium intake are smaller in men than in women. Further 
studies on the exact calcium requirement, and its relationships with osteoporosis, are 
required in men. 
7.4.2. Physical activity 
A considerable number of epidemiologic studies on the effects ofexercise in 
enhancing bone mineral density have been conducted in postmenopaused women. 
Cross-sectional studies showed that "athletic" women had higher bone mineral 
density than “ sedentary" women. Such difference ranged from 8% to 30% ( Snow-
Harter, 1992). 
In contrast, there is far less data to support a skeletal effect of activity in 
sedentary to moderately active populations. Jacoson reported bone density values in 
older athletic women that were equivalent to those of younger athletic women 
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(Jacoson, 1984). Further, 1 0.7% decrease per year in spine density was observed in 
a population of sedentary women older than 50 years which was not seen in a group 
of some active subjects. 
In this study, we have not found load-bearing activity to be associated with 
the risk ofvertebral deformity in men. Such observation were similar to the results of 
a study in elderly Chinese women (Chan,1996). In Chan's study, the risk ofvertebral 
deformity was slightly elevated in women who walked and exercised outdoors for 
less than an hour a day. However, such results did not reach statistical significance. 
Such observations contrast with previous finding by Lau (Lau, 1988) on load-bearing 
activity and hip fracture. The study indicated that subjects who did not perform 
load-bearing activities every day had a relative risk of 2 for hip fracture ( when 
compared with subjects who performed such activities every day or more frequently). 
The effects were observed in both men and women. The lesser protective effect of 
load-bearing activity on vertebral fracture than hip fracture could be attributed to the 
aetiology of the two fractures. While hip fracture commonly results from falls, 
vertebral deformity are usually spontaneous. Load-bearing activity in the elderly 
have diverse benefits, such as increase in muscle strength and co-ordination, as well 
as increase in bone mineral density. Such benefits would culminate in much reduced 
risk of hip fracture. 
On the other hand, the effects ofload-bearing activity on vertebral fracture are 
mediated mainly through bone mineral density, and hence the protection effect may 
well be less than in hip fracture. 
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Although there is little data to demonstrate the beneficial effect of moderate 
exercise on vertebral bone mass in men, the benefits of exercise must be considered 
on a broader context. As even moderate exercise may have considerable benefits in 
the prevention of cardiovascular disease and in promoting mental health, exercise 
should be recommended for the elderly. 
Interesting, having jobs as heavy manual labors was a significant risk factor 
for vertebral deformity in men. This concurred with findings from the European 
vertebral fracture ( Silman, 1997). This could be due to the higher chance of 
traumatic vertebral fractures in manual workers. 
7.4.3. Cigarette Smoking 
The odd ratios o f2 for heavy cigarette smokers is comparable to the results of 
a similar study conducted by Seeman ( Seeman,1983). Actually, the relationship 
between cigarette smoking and low bone mineral density has been consistently 
described in several epidemiological study in men. 
In the Dubbo study conducted in Australia, Nguyen ( 1994) demonstrated that 
smoking was associated with a 5% decrease in BMD at the hip and spine ( Nguyen, 
1994). More recently, Kiel ( 1996) demonstrated a consistently lower BMD at all 
skeletal sites ( 4-15%) in smokers. Data obtained in Asian men confirmed these 
findings ( Kiel, 1996). Vogel ( 1997) showed that the BMD of Japanese smokers 
were about 5% lower than non-smokers; and the effects were particularly marked on 
the cancellous bone. Our results confirm the findings by Vogel ( Vogel, 1997). 
Smoking might have a direct effect on bone strength and muscle strength, which may 
both be related to deformity risk. 
77 
Lastly, smokers may have a lower body weight, which is an independent risk 
factors for osteoporosis. Indeed, in our study, smokers were lighter than non-
smokers. (Body weight = 56.7 in current smoker, SD =10.06, Body weight = 58.8 in 
ex-smoker, SD=9.72, Body weight = 61.0 in non-smoker, SD =9.3 ) 
7.4.4. Alcohol consumption 
The cut-offof> 3 drinks per day as a definition ofheavy alcohol consumption 
was deduced from our population data, which showed that the top 10 % percentile of 
controls consumed this amount. The relationship between alcohol consumption and 
osteoporosis is not very clear. The higher risk of vertebral deformity in heavy 
drinkers demonstrated by us concurred with previous finding by Seeman ( Seeman, 
1983). 
Due to the smaller body size in Chinese, a consumption of 42 gm per day or 
more may be sufficient to cause a detrimented effect on bone. This level is similar to 
an epidemiological study by Nelson et al (1994), in which they defined a heavy 
alcohol drinker as someone who consumed 2 or more drinks per day. Some studies 
defmed heavy alcohol consumption as 100 g of ethanol or more per day ( Diamond, 
1989) 
However, the results of two cohort study suggested that moderate alcohol 
consumption may be associated with higher bone mass in men (Holbrook, 1993). In 
the Dubbos study, moderate alcohol intake was found to be negatively associated 
with the risk of osteoporotic deformity ( Nguyen, 1994). In other studies, alcohol 
consumption was found to be a negative determinant of bone mass and deformity 
(Slemenda, 1992). 
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Alcohol may act on the bone by various mechanisms, such as suppression of 
osteoblast, malnutrition and hypogonadism. Ethanol has been shown to reduce 
cellular protein and DNA synthesis in human osteoblast in vitro ( Valimaki,1982). 
Poor dietary status in alcohol men may result in hypocalcemia, hypophosphatemia, 
and hypomagnesium. Finally, men with high alcohol consumption may suffer from 
testicular atrophy ( Valimaki,1982) and hormonal deficiency, leading to 
osteoporosis. 
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Chapter 8. Conclusion 
• The normal range for vertebral height and vertebral height ratios were 
established for Chinese men aged 70-79 years. 
參 The percentage prevalence of vertebral deformity was 16% in Chinese men 
(aged 70-79) when a criteria of any vertebral height ratios ( anterior / posterior, 
middle / posterior, posterior / posterior) of 3 standard deviation or more below 
the mean was used. 
參 The percentage prevalence of vertebral deformity was similar in Chinese men 
and American Caucasian. 
參 A low dietary calcium intake was not found to be a risk factor for vertebral 
deformity in Chinese men. 
參 Load-bearing activities were not found to be protective against vertebral 
deformity in elderly Chinese men. 
• Cigarette smoking was a risk factor for vertebral deformity in Chinese men. 
• Heavy alcohol consumption was a risk factors for vertebral deformity in Chinese 
men. 
• Osteoporosis vertebral deformity is a prevalent health problem in elderly 
Chinese men and some of the risk factors are reversible. 
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Hong Kong Vertebral Osteoporosis Survey On Men 
1996-1997 
Serial Number : 
Name : 
Home Telephone Number : 
Address : 
H.K. I.D. : 
Date of Birth / Age : 
Place ofBirth : 
I. What is your longest occupation? ( ) LONGEST 
1= sedentary (eg. clerk) 
2= manual (eg. messenger, worker, hair-dresser) 
3= heavy manual (eg. coolie, farmer, fisherman, 
labour-charges, delivery) 
Write down exactjob: 




2= No I 
I 
I 
What is your present occupation? ( ) PRESENT 
1= sedentary (eg. clerk) 
I 
2= manual (eg. messenger, worker, hair-dresser) 
3= heavy manual (eg. coolie, farmer, fisherman, 
labour-charges, delivery) 
Write down exactjob: 
3. Do you smoke? ( ) SMOKE 
l=never (Please go to question 8) 
2=ex 
3=current 
4. If current and ex-smoker, for how many years? ( )yearsSMYEAR 
5. If current and ex-smoker, did you change your habit? 
l=Yes 2=No ( ) SHABIT 
At the first beginning, for how many years 
(a) and how many cigarettes a ( ) HABIT1 
(b) that you had each day? b ( ) CIG1 
After that period of time, for how many years 
(c) and how many cigarettes c ( ) HABIT2 
(d) that you had each day? d ( ) CIG2 
Furthermore, for how many years 
(e) and how many cigarettes e ( ) | HABIT3 
I 
(f) that you had each day? f ( ) ciG3 
Lastly, for how many years 
i 
(g) and how many cigarettes g ( ) HABIT4 
(h) that you had each day? h ( ) ciG4 
90 
6. Do you drink? ( ) DRJNK 
l=never (Please go to question 12) 
2=ex (Once or more than once a week) 
3=current (Once or more than once a week) 
4=occasionally (less than once a week but more than once a month) 





8. Ifcurrent and ex-drinker or social drinker, how many ( )day DRDAY 
days a week? 
9. If current and ex-drinker, how much a day? 
a) beer a)( )can BEER 
b) liquor b)( )patt LIQUOR 
c) wine c)( )glass WESfE 
d) Chinese wine d)( )ounce CWJNE 
10. Do you drink the following, if so, how much per day? 
a) coffee a)( )cup COFFEE 
i 
b) tea b)( )cup TEA 
c) soft-drink (eg.coke) c)( )can^ottle COKE 
11. Activity last week : 
Was last week a 'typical’ week in relation to what you did? 
I 
(IfYes，please answer the following questions. I fNo, last 
1 1 
week refer to last 'normal' week, and answer the following 
i 
questions.) 
a) On average, how many hours did you spend on standing 
indoors each day? 
91 
a)( )hours | Ev|DOOR 
b) On average, how many hours did you spend on 
walking outdoor on the level each day? OUTDOOR 
b)( ) time( ) hour HOUTDOOR 
c) On average, how many hours did you spend on outdoor 
exercise each day? (Tai Chi) EX 
c)( ) time( ) hour HEX 
12. Eating habit last week : 
Was last week a 'typical’ week in relation to what you did? 
(Ifyes，please answer the following questions. If no, last 
week refer to last 'normal' week.) 
How many times do you consume the following food 
items last week? 
1) Whole milk 1)( )times( )ml WMILKT 
WMILKG 
2) Non-fat milk 2)( )times( )ml NFMILKT 
NFMILKG 
3) High calcium milk 3) ( )times ( )ml HCMILKT 
HCMILKG 
4) Whole milk powder 4) ( )times ( )gm WMPOW 
WMPOG 
5) Non-fat milk powder 5) ( )times ( )gm NMPOWT 
NMPOWG 
6) Evaporated milk 6) ( )times ( )gm EMILKT 
EMILKG 
7) Condense milk 7) ( )times ( )gm CMILKT 
CMILKG 
8) Ovaltine or Horlick 8) ( )times ( )gm OVLTESiT 
92 
OVLYnSfG 
9) Soya bean milk 9) ( )times ( )ml SBMILKT 
SBMILKG 
10) Ice-cream 10)( )times ( )ml ICREAMT 
ICREAMG 
11)Cheese (cheddar) 11)( )times( )gm CHEESET 
CHEESEG 
12) Soya bean curd 12)( )times ( )gm SBCURT 
SBCURG 
13)soya bean cheese 13)( )times ( )gm SBCHEET 
SBCHEEG 
14) Fish (without bone)(E.P.) 14)( )times( )gm FISHT 
FISHG 
15) Small fish (with bone) 15)( )times( )gm SFISHT 
SFISHG 
16) Dried small fish (with bone) 16)( )times ( )gm DSFISHT 
DSFISHG 
17) Canned fish (with bone) 17)( )times( )gm CFISHT 
CFISHG 
18) Shrimp (A.P.) 18)( )times( )gm SHRIMPT 
SHRIMPG 
19) Dried shrimp 19)( )times( )gm DSHRIMT 
DSHRIMG 
20) Dried oyster 20)( )times( )gmL/S DOYSTT 
DOYSTG 
21)Crab(A.P.) 21)( )times ( )gm CRABT 
CRABG 
22) Green vegetables 22)( )times( )gm VEGET 
VEGEG 
23) Wheat Flour Bread 23)( )times( )gm WFBRET 
93 
！ WFBREG 
-Pineapple bun ( )times ( )gm PD^JEBNT 
PINEBNG 
-Jiwei bun ( )times ( )gm JIWEBNT 
JIWEBNG 
24) Nuts (peanuts, cashew nut etc.) 24)( )times ( )gm NUTST 
I N U T S G 
25) Orange (A.P.) 25)( )times ( )gm ORANGT 
ORANGG 
26) Egg (A.P.) 26)( )times ( )gm EGGT 
EGGG 
27) Dried laver 27)( )times ( )gm DLAVET 
DLAVEG 
( )times( )gm(pack) DPLAVT 
DPLAVG 
28) Juda ear 28)( )times ( )gm JUDAEAT 
JUDAEAG 
29) Dried lily flower 29)( )times ( )gm | DFLOWT 
I DFLOWG 
30) Dried Chinese mushroom 30)( )times ( )gm CHIMUT 
CHIMUG 
13. When you were 20 years old, how often did you consume ( ) DAIRY20 
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